Introduction
Ulnar nerve compression at the elbow, cubital tunnel syndrome, is the second most common compression neuropathy of the upper extremity 19 with an incidence of 25 cases per 100 000 persons. 24 Recent data suggest that more than 50 000 cubital tunnel decompressions are performed per year in the United States. 20 Previous work has suggested anterior transposition as the gold standard; however, several studies showed no difference between anterior transposition techniques and open in situ decompression. 3, 11, 16, 24 Endoscopic cubital tunnel release (ECUTR) has been proposed as an alternative to open cubital tunnel release (OCUTR). Several authors have reported resolution of symptoms in 80% to 90% of patients at short-term follow-up with low complication rates. 1, 6, 7, 9, 12, 21, 23 However, it is unclear whether these promising results are the product of a superior technique or bias inherent in studies performed by investigators promoting a specific technique or device. The purpose of this systematic review is to compare clinical outcomes and complications between ECUTR and OCUTR.
Materials and Methods

Eligibility Criteria
We identified articles in the literature that reported clinical outcomes and/or complications after open in situ ulnar nerve decompression and/or ECUTR. Reasons for exclusion of articles were review articles without data, not using the Bishop scale scores or not describing the grading scale 1 University of Pittsburgh-School of Medicine, PA, USA 2 University of Pittsburgh Medical Center, PA, USA used, not reporting data as 2 separate groups, and articles that could not be located.
Study Identification
The electronic databases of PubMed (1960-June 2014) were systematically screened for studies related to ECUTR or OCUTR. Two standard PubMed searches were made using the terms "Endoscopic Cubital Tunnel Release" and "Cubital Tunnel Release." The results from the 3 MeSH terms of "Cubital Tunnel Syndrome," "Ulnar Nerve Compression Syndromes," and "Ulnar Nerve Compression Syndrome AND Endoscopy" were also used. If the abstracted suggested that it might meet the eligibility criteria, the full-text publication was retrieved and reviewed.
Data Abstraction and Analysis
Baseline characteristics, clinical scores, and complication rates were abstracted. The Bishop scale score was the most commonly reported outcome measure across the included studies and was used for this analysis. This scoring system combines subjective measures (severity of residual symptoms, postoperative improvement, postoperative work status) and objective measures (grip strength and 2-point discrimination) to give a final score used to denote the results as excellent, good, fair, or poor. A traditional metaanalysis was not performed because not enough articles reported this outcome for both endoscopic and open techniques. The binary outcome was defined as rate of excellent/good response versus fair/poor. Complications were recorded as listed in the articles and included wound problems (wound breakdown/dehiscence, hematomas, hypertrophic scars, peri-incisional pain, medial antebrachial cutaneous nerve paresthesias), persistent ulnar nerve symptoms (symptom recurrence, ulnar nerve subluxation), and other (thrombophlebitis).
A statistician was consulted from the Clinical and Translational Science Institute at the University of Pittsburgh. Data were pooled across studies, standard mean differences in effect sizes weighted by study sample size were calculated, and heterogeneity across studies was assessed. To run traditional meta-analyses, we included 4 articles that listed complications for both ECUTR and OCUTR.
Results
Literature Search
We identified 1256 citations in our electronic search (Figure 1) , and 10 met the inclusion criteria and were included in the analysis (Table 1) . We identified 8 studies that included the clinical outcomes after surgical intervention to treat cubital tunnel syndrome. We identified 4 studies that reported complication rates for both ECUTR and OCUTR.
Clinical Outcomes, Bishop Scores
Excellent/good outcomes were obtained in 92.0% (88.8%-95.2%) of ECUTR patients and 82.7% (76.15%-89.2%) of OCUTR patients (Figure 2 ). For ECUTR, 5 studies with a total of 331 patients were included in the analysis. For OCUTR, 5 studies with a total of 150 patients were included in the analysis (Table 2) .
Complications
All the included studies, techniques employed, and listed complications are shown in Table 3 . Four studies comparing complication rates stemming from both ECUTR and OCUTR were used in the analysis. When comparing the complication rates of ECUTR and OCUTR (Figure 3) , the analysis showed a pooled odds ratio of 0.28 (0.13-0.62), P = .002, indicating that ECUTR has reduced odds of complications compared with OCUTR.
Discussion
Endoscopic cubital tunnel release has been proposed as an alternative to open in situ release with the purported benefits of increased patient satisfaction and decreased complications secondary to the use of smaller incisions. With the advent of new techniques, appropriate scrutiny is warranted. In the past decade, the effectiveness and safety of endoscopic techniques have been demonstrated through the publication of relatively small case series treating patients of different disease severity and using a myriad of endoscopic techniques. 1, 5, 9, 12, 17 However, based on these series and in the absence of prospective studies comparing ECUTR with OCUTR, it is unclear whether ECUTR is superior to OCUTR with respect to outcomes and complication rates. The use of a systematic review to increase patient numbers and power is an accepted method to compare 2 treatment options. This study has found that patients treated with ECUTR are more likely to report excellent or good results through a Bishop scale compared with patients treated with OCUTR. In addition, patients treated with ECUTR had a lower incidence of complications than patients treated with OCUTR.
The medial antebrachial cutaneous nerves have been shown to be in close proximity to the surgical dissection posing an inherent danger during the procedure.
14 Injury to these structures during an open approach is likely the reason that patients were found to have a significantly The ulnar nerve is palpated, and a 1.5-to 3.0-cm skin incision is made over the retrocondylar groove. The dissection is carried down to the retrocondylar tunnel roof, which is opened. The tunneling forceps is introduced distally about 10 to 12 cm and proximally about 8 to 10 cm (measured from the midpoint of the retrocondylar groove) into the space between the forearm fascia and the subcutaneous tissue. A 4 mm 301 Endoscope with a blunt dissector on its tip is now introduced and slowly advanced distally. All dissection and cutting is done with blunt-tipped scissors of a length between 17 and 23 cm. From the midpoint of the retrocondylar groove, constricting elements were divided 8 to 12 cm distally and 8 to 10 cm proximally. All instruments KARL STORZ (Tuttlingen, Germany). 
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A straight incision of approximately 1.5 to 2.0 cm in length is made directly on the sulcal ridge along the Langer skin tension lines. Here, the ulnar nerve is identified. The retractor-integrated endoscope is introduced, the fibrous ligaments overlying the ulnar nerve are transected longitudinally, and the nerve is deroofed. The proximal point is defined as the point of exit of the ulnar nerve from the MIS and distally along the course of the cubital tunnel, approximately 10 to 12 cm distal to the sulcus. If the MIS is found to be hypertrophic, it is resected. The elbow is flexed and extended, and at the same time, the gliding of the nerve is observed endoscopically.
Superficial hematoma: 2 Ulnar nerve subluxation: 4 (2 underwent transposition)
Bolster et al 4 
11
A minimally invasive technique using an illuminated speculum. A 2.5-cm longitudinal incision was made midway between the medial epicondyle and the olecranon. The subcutaneous tissue was dissected bluntly down to the fascia of the forearm. The fascia over the ulnar nerve was released distally with the use of tunneling forceps. The ulnar nerve was released 12 cm both proximally and distally, ie, 24 cm in total. 18 
The subcutaneous tissue was dissected until the superficial fascia overlying the ulnar nerve and aponeurosis of the flexor carpi ulnaris muscle were exposed. The ulnar nerve and its epineurium were exposed directly behind the medial epicondyle, where ulnar nerve strain has been shown to be the greatest. Two 5-0 nylon sutures were placed on the surface of the epineurium without injuring the ulnar nerve. The first suture was placed just posterior to medial epicondyle proximal to the cubital tunnel retinaculum (Osborne constriction band). A second suture was placed approximately 10 mm proximal to the first suture at maximal elbow extension. A simple decompression of the ulnar nerve was then performed by releasing the arcade of Struthers, intermuscular septum, cubital tunnel retinaculum, and fascia overlying the 2 heads of the flexor carpi ulnaris.
Not listed
Karthik et al 13 
30
The ulnar nerve was palpated, and a 3-m longitudinal incision was made, starting from a point midway between the medial epicondyle and olecranon process and extending distally parallel to the medial border of ulna. The arcuate ligament was exposed by blunt dissection and released under direct vision The aponeurotic fascia of the FCU was split protecting the motor branches to the FCU. After distal release, the elbow was extended and the skin retracted so that the nerve was decompressed proximally.
Not listed
Gervasio et al 10 
35
A slightly curvilinear, longitudinal skin incision was performed crossing an imaginary line between the medial epicondyle and the olecranon process and extending for approximately 4 cm proximally and 4 cm distally. The skin incision was placed 2 or 3 cm below the cutaneous projection of the nerve course to avoid contact between the surgical wound and the nerve and a development of fibrous adherences between the nerve and the scar. The subcutaneous tissue was carefully dissected to identify and preserve the medial cutaneous nerve of the forearm. Osborne ligament was identified and released, the fascia over the ulnar nerve was divided, and an accurate external neurolysis (paraneurectomy) was performed, freeing the nerve for 360°. The skin was retracted proximally and distally, and the nerve release was completed up to the MIS proximally and up to the deep flexor-pronator aponeurosis distally. Note. Weights are from random-effects analysis. OR = odds ratio; CI = confidence interval.
lower incidence of complications such as postoperative scar tenderness and peri-incisional sensation deficits and significantly less postoperative pain on a visual analog scale after endoscopic decompression. 8, 22 However, caution with either approach must be practiced as endoscopy does not eliminate the risk of these complications entirely.
This study has several limitations. A systematic review is subject to bias based on the inclusion and exclusion criteria. Macadam et al 15 showed that there is a lack of reproducible and reliable outcome measures in the literature to assess results after cubital tunnel decompression. Similarly, the reporting of complications is dependent on each investigators perspective on the definition of an actual complication. One should always be aware of a reporting bias when a novel technique is being compared with a more traditional method. In an effort to reduce variability and to minimize the inherent bias in our review, only studies that reported outcomes using the Bishop scale were included. There is also variability in the technique utilized for the procedure in each study. Different instruments and methods have been employed by the authors who are also inventors or consultants of the devices utilized for the decompression. Thus, each study not only may possess a slight inherent bias but also may not convey complications that occur from a learning curve that accompanies the use of any new device.
The results of this study support the effectiveness of endoscopic decompression of the ulnar nerve in the cubital tunnel. This technique appears to reduce the complications attributed to longer incisions on the medial aspect of the elbow, indicating that it is as safe as or safer than the open technique. Patient satisfaction also appears to be slightly higher with this minimally invasive technique. Although further investigation is needed, these results suggest that endoscopic technique should continue to be utilized and developed.
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